INTRODUCTION {#sec1-1}
============

Despite so many advancements in equipment and materials, effective disinfection during the endodontic treatment is still a cumbersome and challenging issue. The complex morphology of dentine and the presence of bacteria, especially in the apical part of root canal, even after the disinfection protocols, make this task very tedious, especially in *Enterococcus faecalis* infection, which is the most common pathogen responsible for the failure of root canal therapy.\[[@ref1]\]

Calcium hydroxide has a long history of its usage as an intracanal medicament as well as antimicrobial agent; however, recent findings questioned about its potential, especially against *E. faecalis*.\[[@ref2]\] Several antimicrobial agents including linezolid, ampicillin, as well as laser or ultrasonic techniques also have been used as disinfecting agents during root canal procedure; however, these medicaments and procedures have some clinical drawbacks and some of them are not cost-effective.\[[@ref3][@ref4][@ref5]\]

Hence, the field of dentistry is constantly evolving and adopting the best suitable and available antimicrobial agent for the treatment. Since long time, many agents have been used to eradicate or reduce endodontic microflora; however, most of them are found ineffective to combat complete infection and led to the failure of root canal treatment. This has prompted the scientists worldwide to explore novel materials which can serve with the better output, less shortcomings, and low investment. The material with properties, such as good biocompatibility, good biological properties, favorable physical properties, cost-effectiveness to the patient, and dentist too, are more in demand than other substance. Therefore, the search for the novel materials and new techniques which can take dentistry to new heights and make the patient more comfortable is incessant.

Given these facts, we planned our study to evaluate the antimicrobial potential of two plant-derived essential oils, namely, chamomile and vetiver, along with traditional intracanal medicaments chlorhexidine and calcium hydroxide against *E. faecalis*.

MATERIALS AND METHODS {#sec1-2}
=====================

Preparation of plant extracts {#sec2-1}
-----------------------------

The plant materials (roots) of *Chrysopogon zizanioides* (L.) Roberty (Poaceae) and flowers of *Matricaria chamomilla* L.(Asteraceae) were subjected to steam distillation for 4--6 h using a Clevenger-type apparatus and the essential oils were collected after decantation. The antimicrobial activity of the essential oil was tested by making a stock/working concentration in dimethyl sulfoxide/phosphate-buffered saline (PBS).\[[@ref6][@ref7]\]

Media preparation {#sec2-2}
-----------------

To prepare the solid agar media, 37 g of brain heart infusion broth (BHIB) and 15 g of agar powder were weighed and dissolved in 1000 mL by stirring in distilled water and sterilized by autoclaving at 15 lbs pressure (121°C) for 15 min.

Maintenance of bacterial strain {#sec2-3}
-------------------------------

The antibacterial activity was tested against clinical isolate and wild-type strain of *E. faecalis*. For the experiments, each of the microbial strain was revived in liquid media (BHIB). The turbidity was adjusted to 0.5 McFarland equivalents (approximately 1--2 × 10^8^ colony-forming units \[CFU\]/mL). The culture of *E. faecalis* was incubated for 24 h at 37°C in BHIB. After the incubation period, the growth of microbe was confirmed by identifying specific morphology in the culture plates.\[[@ref7]\]

Disc diffusion assay {#sec2-4}
--------------------

The antibacterial activity of the vetiver and chamomile oil along with standard antimicrobials was determined by disc diffusion assay described by Bauer *et al*.\[[@ref8]\] *E. faecalis* strain was inoculated in BHIB from preserved culture and then grown for overnight at 37°C then streaked on BHI agar plate to get single-isolated colony. The antibacterial susceptibility testing was performed by taking single-isolated colony of *E. faecalis* from culture plate and suspended in the sterile saline solution and was mixed thoroughly to get 0.5 McFarland bacterial suspensions equivalents (approximately 1--2 × 10^8^ CFU/mL). The plating was done, and the plates were incubated at 37°C overnight in an incubator, the magnitude of the zone of growth inhibition (ZOGI) was measured which indicated the strength of antibacterial activity. The ZOGI of the tested antimicrobials was compared with that of standard agents.

Minimum inhibitory concentration determination {#sec2-5}
----------------------------------------------

The antibacterial activity of vetiver and chamomile oil against *E. faecalis* was quantified by the determination of minimum inhibitory concentration (MIC) using broth dilution assay which is based on serial dilution of the media.\[[@ref9][@ref10]\] In brief, a sterile 96-well tissue culture microplates were used for the MIC determination. The first 10 wells of the row were used for serial dilution of the chosen compounds, 11^th^ column was kept as positive control whereas 12^th^ was labeled as media (negative) control. To each well, 150 μl of liquid media (BHIB) was added in the well of the first column followed by the addition of 3 μl of antimicrobials to be tested (to achieve 1000 and 200 μg/mL of concentration for oil and standard drug, respectively). It was mixed properly, and the volume was made 300 μl with the addition of 147 μl of media. Subsequently, 150 μl of media containing antimicrobials was transferred to subsequent wells, and the same was repeated till 10^th^ well column. The 10 μl of working bacterial culture suspension was added to each well (1--11^th^ column) except media control (12^th^ column). The plates were incubated at 37°C overnight and the growth was observed by considering the turbidity in the media. The MIC was determined accordingly and expressed as μg/mL.

Extracted teeth collection and preparation for the experiments {#sec2-6}
--------------------------------------------------------------

A prior ethical clearance was taken from the Institutional Ethical Committee (Ref. No. 77^th^ ECM II-B IMR-faculty/P16) and signed written consent was obtained by each and every individual who volunteered to donate their teeth for this study.

A total of 140 extracted single-rooted human teeth were stored in the saline solution after extraction. The specimens were decoronated to a standard 14-mm root segment length with a rotating diamond saw (HORICO DENTAL Hopf, Ringleb and Co., GmbH and Cie, Germany) under water coolant. The cleaning and shaping of the specimens were done using Protaper universal file system (Dentsply Maillefer, Ballaigues, Switzerland) from Sx--F3 according to the manufacturer\'s instructions, using Glyde Prep Canal (Dentsply Maillefer, Ballaigues, Switzerland) as a lubricant. In between the instrumentation, the canals were irrigated with 3% NaOCl solution (Parcan, Septodent Healthcare India Pvt. Ltd, India). After instrumentation, the canals were irrigated with 17% ethylenediaminetetraacetic acid solution (Dentochlor, Ammdent India) for 3 min and NaOCl (3 min) to remove the smear layer and to permit microorganisms and medicaments to penetrate the dentinal tubules. The final canal irrigation was done with 10 mL of physiological saline solution. The roots were dried with sterile gauze, and two layers of nail polish were applied over the entire external surface of all roots to avoid external microbial contamination. Care was taken not to occlude the root canal entrance. Each specimen was placed in a microcentrifuge tube containing 500 mL of PBS (0.01 M, pH 7.4) and they were subsequently autoclaved at 121°C for 30 min. To confirm the efficacy of the sterilization process, PBS from the microcentrifuge tubes was aspirated under sterile conditions and inoculated into BHI broth then plated onto blood agar plates and incubated at 37°C for 24 h and checked for any microbial growth. All the remaining specimen manipulations were performed under a laminar flow hood to avoid contamination from outside organisms.\[[@ref11]\]

Infection of root canals {#sec2-7}
------------------------

All the root specimens were transferred and mounted into sterile flat bottom 24-well cell culture well plates under sterile conditions with 2% sterile agar which was allowed to solidify so that root specimens can be stabilized.\[[@ref12]\] Once the root specimens were mounted and stabilized on cell culture well plates, 10 μl of *E. faecalis* culture was injected into the respected root specimens using pipettes. After inoculation of *E. faecalis*, the hole of each specimen was entirely filled with BHIB and incubated at 37°C for 24 h. Every alternate day, about 10 μl of fresh BHIB was added to ensure the viability of *E. faecalis*. With the help of sterile 3 mL syringe and 30-gauge Navitip needle (Ultradent Products, Inc., USA), medicaments were injected under aseptic conditions into the canals of all experimental group samples until the canals were totally fill. The samples were withdrawn and cultivated on blood agar plates. The bacterial growth was observed by counting colony-forming units and compared with the standard drugs. These samples were randomly divided into seven groups (*n* = 20) according to the medicament used.

Group 1: Control group treated with sterile water onlyGroup II: Treated with 2.5 μl of chlorhexidine (2%) solutionGroup III: Treated with 1.25 μl of chamomile oilGroup IV: Treated with 2.50 μl of chamomile oilGroup V: Treated with 1.25 μl of vetiver oilGroup VI: Treated with 2.50 μl of vetiver oilGroup VII: Treated with 10% (w/v) of calcium hydroxide.

Incubation and microbiological sampling {#sec2-8}
---------------------------------------

The specimens in all groups were randomly divided equally into three subgroups. The samples were incubated at 37°C for 1 day (subgroup 1) or 7 days (subgroup 2) and 14 days (subgroup 3). The first bacteriological sampling was taken from six samples of each group using sterile paper points (size 30). A paper point was placed inside each root canal for 1 min. After sampling, each paper point was placed in a microcentrifuge tube containing 1 mL of BHI broth and shaken for 30 s on a vortex. 0.1 mL aliquot of the microbial suspension was incubated on a BHI agar plate for 24 h at 37°C. For the second bacteriological sampling, Gates--Glidden burs \#5 ((Dentsply Maillefer, Ballaigues, Switzerland) and an Endo IT electromotor (VDW, Munich, Germany) at 2000 rpm were used to obtain dentine samples from the lumen. The same procedure described for paper points was applied to the burs. Each bur was used three times up to 10 mm of the canal length in 10 s. After confirming the purity of the positive cultures using colony morphology, the number of CFUs of each specimen was determined. The identical procedure was applied for microbial sampling at day 7 and 14.\[[@ref13]\]

RESULTS {#sec1-3}
=======

At day 1, the mean CFU (log~10~) was maximum in Group I (3.67 ± 0.015) and minimum in Group VI (3.32 ± 0.036) \[[Table 1](#T1){ref-type="table"}\]. The maximum and minimum percentage reduction compared to control was seen in Group VI (9.39%) and Group III (2.28%), respectively, which was statistically significant \[[Table 1](#T1){ref-type="table"}\]. At day 7, the mean CFU (log~10~) was maximum in Group I (3.63 ± 0.009) and minimum in Group II (2.74 ± 0.212) \[[Table 2](#T2){ref-type="table"}\]. The maximum and minimum percentage reduction compared to control was seen in Group II (24.75%) and Group V (6.32%), respectively \[[Table 2](#T2){ref-type="table"}\]. At day 14, the mean CFU was maximum in Group I (3.64 ± 0.009) and minimum in Group II (2.32 ± 0.087) \[[Table 3](#T3){ref-type="table"}\]. The maximum and minimum percentage reduction compared to control was seen in Group II (36.16%) and Group III (7.05%), respectively, which was statistically significant \[[Table 3](#T3){ref-type="table"}\].

###### 

Analysis of colony-forming unit (log~10~) of control and different medicament at day 1

  Group   Mean±SD      Minimum   Maximum   Mean ranks   Percentage reduction in CFU (log10) compared to control   Kruskal--Wallis test (χ^2^, df, *P*)
  ------- ------------ --------- --------- ------------ --------------------------------------------------------- --------------------------------------
  I       3.67±0.015   3.65      3.7       39.50        \-                                                        38.68, 6, 0.00
  II      3.34±0.030   3.31      3.39      7.0          8.99                                                      
  III     3.59±0.020   3.56      3.62      33.17        2.28                                                      
  IV      3.48±0.020   3.46      3.51      20.08        5.26                                                      
  V       3.54±0.026   3.50      3.57      27.65        3.56                                                      
  VI      3.32±0.036   3.27      3.37      6.0          9.39                                                      
  VII     3.46±0.015   3.44      3.48      17.08        5.69                                                      

CFU: Colony-forming unit, SD: Standard deviation

###### 

Analysis of colony-forming unit (log~10~) of control and different medicament at day 7

  Groups   Mean±SD      Minimum   Maximum   Mean rank   Percentage reduction in CFU (log10) compared to control   Kruskal--Wallis test (χ^2^, df, *P*)
  -------- ------------ --------- --------- ----------- --------------------------------------------------------- --------------------------------------
  I        3.63±0.009   3.61      3.64      39.50       \-                                                        38.485, 6, 0.00
  II       2.74±0.212   2.48      3.09      6.83        24.75                                                     
  III      2.81±0.345   2.77      2.86      8.42        22.60                                                     
  IV       2.97±0.119   2.79      3.09      13.75       18.17                                                     
  V        3.40±0.239   3.37      3.44      27.50       6.32                                                      
  VI       3.33±0.018   3.30      3.35      21.50       8.31                                                      
  VII      3.25±0.028   3.21      3.29      38.48       10.44                                                     

CFU: Colony-forming unit, SD: Standard deviation

###### 

Analysis of colony-forming unit (log~10~) of control and different medicament at day 14

  Groups   Mean ± SD      Minimum   Maximum   Mean ranks   Percentage reduction in CFU (log~10~) compared to control   Kruskal--Wallis test (χ^2^, df, *P*)
  -------- -------------- --------- --------- ------------ ----------------------------------------------------------- --------------------------------------
  I        3.64 ± 0.009   3.63      3.65      39.50        \-                                                          38.775, 6, 0.00
  II       2.32 ± 0.088   2.2       2.45      3.50         36.16                                                       
  III      3.38 ± 0.022   3.36      3.41      33.50        7.05                                                        
  IV       2.91 ± 0.029   2.87      2.94      9.50         20.10                                                       
  V        3.10 ± 0.021   3.07      3.13      19.33        14.62                                                       
  VI       3.15 ± 0.010   3.13      3.16      25.50        13.51                                                       
  VII      3.09 ± 0.068   3.01      3.18      19.67        14.99                                                       

CFU: Colony-forming unit, SD: Standard deviation

DISCUSSION {#sec1-4}
==========

This *in vitro* study investigated the antibacterial potential of two essential oils, that is, vetiver and chamomile, and it was observed that activity was comparable with that of standards, namely, chlorhexidine and calcium hydroxide against *E. faecalis* in infected root canal models. This study was planned to provide an alternative for quick, preliminary assessment of antibacterial potential of essential oils of vetiver and chamomile, and its role as an intracanal medicament in an infected root canal models. Previously published reports advocate the antimicrobial action of vetiver and chamomile oils against *E. faecalis*. The effectiveness and clinical efficacy of chamomile have also been reported selectively in removing smear layer, oral mucositis, plaque, scurvy, gingivitis, and patient undergoing orthodontic treatment.\[[@ref14][@ref15][@ref16]\] The result of the present investigation exhibited at day 1, the highest antibacterial potential of chlorhexidine and it maintains its activity up to 14^th^ day. Earlier reports depict the antibacterial efficacy of chlorhexidine and calcium hydroxide combination for the treatment of teeth with primary endodontic lesions.\[[@ref17][@ref18]\] However, a number of factors are also associated with the failure of root canal therapy due to *E. faecalis* infection such as its collagen adherence,\[[@ref19]\] long starvation survival potential,\[[@ref20]\] proton pump,\[[@ref21]\] bidirectional horizontal transfer of resistance factors from one species to another\[[@ref22]\] which make this bacteria a versatile and commonly associated with failed root canal cases (77%), and approximately 50% in chronic apical periodontitis.\[[@ref1][@ref23]\] These are some of the known reasons which prompt us to choose this microbe for our study. The MICs of all medicaments included in the study was measured before the study on root canal models. The calcium hydroxide has a long history of its usage as an intracanal medicament; however, few conflicting results have also been reported, such as its high pH (12.5--12.8), low solubility in aqueous medium, and its ability to absorb CO~2~which make it lethal for most of the pathogenic bacteria in endodontic infections.\[[@ref2][@ref24]\] It also inactivates glycolipids of bacterial virulence factors.\[[@ref25]\] In our experimental analysis, at day 1, calcium hydroxide significantly reduced the CFU values compare to control (5.69%); however, it was less effective than chlorhexidine (8.99%) and vetiver oil high dose (9.39%) \[[Table 1](#T1){ref-type="table"}\]. Chlorhexidine is positively charged particle reacts with negatively charged molecule present on the bacterial cell wall and destroyed cell hemostasis. It has been known for its activity against *E. faecalis*.\[[@ref13][@ref19][@ref22][@ref26]\] At day 1, the maximum reduction in CFU was shown by vetiver oil at higher concentration (9.39%) followed by chlorhexidine (8.99%). The effectiveness of chlorhexidine was increased at 7^th^ day (24.75%), and it even showed an increasing trend on 14^th^ day (36.16%) \[Tables [1](#T1){ref-type="table"}--[3](#T3){ref-type="table"} and [Graph 1](#G1){ref-type="fig"}\]. Thus, it remains effective up to 14^th^ day and proved to be the best medicament in our experimental analysis. Supportively, other studies also reported similar results.\[[@ref27][@ref28]\] Chamomile oil at low dose was least effective at day 1 but showed a better activity at 7^th^ day, and finally, its effectiveness reduced at 14^th^ day which explains its short-term effect \[[Graph 1](#G1){ref-type="fig"}\]. The chamomile oil at higher dose shows significant reduction in bacterial count at day 1 (5.26%) and its effectiveness increased up to day 7 (18.17%) and even remains stationary at day 14 (20.1%), these findings show that higher dose regimen of this oil was more effective and long-lasting for endodontic purposes. The chamomile plant is known to have antibacterial, anti-inflammatory, antiviral, and antioxidant.\[[@ref29]\] Its antibacterial properties are mainly due to the presence of α-bisabolol, luteolin, quercetin, and apigenin against many bacteria including *Bacillus subtilis*, *Staphylococcus aureus*, *Streptococcus mutans*, *Streptococcus salivarius*, and fungi like *Candida albicans*.\[[@ref30]\] Its antifungal action has been speculated due to a specific inhibition of ergosterol biosynthesis by α-bisobolol.\[[@ref31]\] The chamomile oil has a high level of safety, acute oral LD~50~, and dermal LD~50~was found \>5 g/kg body weight, and Food and Drug Administration classified it as generally regarded as safe.\[[@ref32]\] The vetiver oil at higher dose regimen works excellent at day 1 (9.39%) but effectiveness decreases afterward. The low-dose regimen did not show any significant antibacterial property at any stage of experimental analysis \[Tables [1](#T1){ref-type="table"}-[3](#T3){ref-type="table"} and [Graph 1](#G1){ref-type="fig"}\]. Other natural products, that is, propolis produced by honey bee tasted against *E. faecalis* and found to be highly effective for 2 days when compared with calcium hydroxide and triple antibiotic mixture.\[[@ref33]\] Another study compared Morinda citrifolia, papain, and aloe vera. They concluded that *M. citrifolia* having good antibacterial activity against *E. faecalis*; however, it was not as effective as chlorhexidine.\[[@ref34]\]

![Graph showing percentage reduction in colony-forming unit (log~10~) of different groups compared to control](JCD-22-34-g001){#G1}

The present study proved the antibacterial role of chamomile essential oil for a long time up to 14 days. It can be a herbal alternative intracanal medicament to disinfect the root canal.

Since this was an *in vitro* study, further *ex vivo* studies are required regarding the same to corroborate with the results of this study before this can be used for the clinical purpose.

CONCLUSION {#sec1-5}
==========

The present study provides an evidence for the effectiveness of chamomile essential oils in root canal infection against *E. faecalis* at different time intervals compared to chlorhexidine and calcium hydroxide, while vetiver oil did not sustain their activity for a longer duration.
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